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PERFORMANCES OF ROCKFILL DAMS  
DURING RECENT LARGE EARTHQUAKES  
  
Kenji Ishihara      
Research and Development Initiative, Chuo University  






There has been increasingly high intensity of acceleration ever recorded during earthquakes in recent times. In consistence with this 
trend several characteristics have been unearthed regarding performances of rockfill dams. With due considerations to these, damage 
features of high rockfill dams during recent earthqukes in Japan and China are briefly introduced herein, together with those 
previously reported. As an indicator of overall distress to the dams, the crest settlement was taken up and it was shown that the 





In recent years, there have been remarkable progresses 
worldwide in sophistication of instruments and strengthening 
of observation network for recording strong motions during 
earthquakes. Thus, the coverage of areas was widened and 
precision improved greatly to monitor motions during any 
scale of earthquakes. 
 
As a consequence, the magnitude of recorded accelerations 
has increased remarkably year after year.  At the time of the 
Tokachi-Oki earthquake in 1968 in Japan the peak horizontal 
ground acceleration recorded was 225gal in the port of 
Hachinohe. It jumped up to a value of 891gal at the time of the 
1995 Kobe earthquake, and at the time of the most recent 
earthquake in 2008, the peak recorded acceleration reached a 
value as high as 4022gal in combined 3D absolute peak 
acceleration. Since earthquakes are natural phenomena, it 
seems unlikely that the intensity of motion itself has in fact 
increased so dramatically, but it is not permissible to ignore 
such strong motions in design consideration once they are 
recorded. 
 
Thus, it would be worth while looking over characteristic 
features of distress incurred to soils and structures during the 
recent large earthquakes. In the year of 2008, two large-scale 
earthquakes occurred in China and Japan, both in inland 
mountainous regions. The major damage was a number of 
landslides, rockfalls, and consequent debris flow. There were 
several rockfill dams in the epicentral areas which suffered 
some damage. There were several instruments installed on or 
near the dam body, and these did record motions which may 
be utilized to develop better understanding of performances of 
high rockfill dams in general when subjected to strong shaking 
during earthquakes. In the following pages of this paper, 
features of damage to high rockfill dams will be introduced 
and their performances discussed in the light of the motions 
recorded during the earthquakes. 
 
 




An earthquake with a magnitude of M=7.2 rocked the northern 
part of Japan Main Island on June 14, 2008 and caused severe 
damage to bridges and dams. A number of landslides and mud 
flows were triggered during this event which is termed Iwate-
Miyagi Inland earthquake. The location of its epicenter is 
shown in Fig. 1. Among various kinds of destructions, worthy 
of note were settlements of a concrete-faced old dam called 
Ishibuchi Dam whose location is shown in Fig. 1. The dam 
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was constructed by impounding water in Isawa River as 
shown in Fig. 2 and its water storage capacity is 1.6million 
cubic meters. A bird-eye view of the dam is shown in Fig. 3 























































As shown in the cross section of Fig. 5, the dam 53m high was 
constructed in 1953 with the concrete facing on the upstream 
side at an average slope of 1:1.3. The slope in the downstream 
side is 1:1.5 with two berms. The concrete facing 50cm thick 
was laid on the well-compacted gravel sub-grade on the 
upstream face. 
 
In constructing the dam, nine pillars of reinforced concrete 
were first erected and bridge girders were placed on the top to 
provide a track road for rock-carrying wagon, as displayed in 
Fig. 6. The rocks were carried from quarries by the wagon and 
dumped from the bridge. A photo from the left abutment in 
Fig. 7 shows the cranes placing large blocks of rocks on the 
downstream face.  The pillars for the bridge girders were 











































 Fig. 3.  Bird-eye view of Ishibuchi rockfill dam. .(from the office of Ishibuch dam) 
 Paper No. IMI 5 




























































Fig. 5.  Cross section of Ishibuchi dam. 
 Paper No. IMI 5 

















Fig. 6.  A bridge with pillars and girders used for carrying 
and dumping rocks and gravels for Ishibuchi dam, looking 


















Fig. 7.  Cranes placeing surface rocks near completion of 


















Fig. 8.  Settlement features of the dam crest indicating 
presence of hidden pillars, Ishibuchi dam.  


















Fig.  9. Stone face bulging out near the downstream crest, 
Ishibuchi dam. (looking towards the left abutment) 
 
 
Performances During the Earthquake 
 
As the Ishibuchi Dam is located at a distance of about 10km 
north from the epicenter, it was shaken very strongly. It is to 
be noted that the up-and down components was as high as 
2.11g at the crest and 1.78g at the nearby terrace. The 
horizontal components in the direction perpendicular to the 
dam axis were also intense with the peak acceleration of 0.95g 
at the crest and 2.14g at the terrace. At the time of the quake 
the elevation of impounded water was about 300m, a 
condition near the lowest water level.  
 
There was no fatal damage resulting in degrading in the 
integrity of the dam as a whole. The water-sealing function of 
the concrete facing remained practically intact.  Several stones 
over the downstream face near the crest plunged out or fell 
down, but there were no cracks or no offset between the 
concrete blocks on the upstream face. Most conspicuous 
feature of the damage was overall settlement of the crest of the 
order 0.8m. Because of the presence of the concrete pillars 
buried in the alignment of the dam axis, the settlements 
occurred at a certain interval in the portion where there was no 
pillars as shown in a photo of Fig. 8. Fig. 9 shows the bulging 
of stone facing near the crest. The vertical strain in the fill at 








At the time of the Iwate-Miyagi Inland earthquake on June 14, 
2008, a huge-scale landslide took place over the gentle 
mountain slope about 300m upstream of the reservoir which is 
impounded by the Aratozawa rockfill dam. The site, 15km 
south of the epicenter is shown in Figs. 1 and 10.  The bird-
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eye view of the dam including the landslide is shown in Fig. 
11. The Aratozawa dam with a center core was constructed in 
1985 and its cross section is displayed in Fig. 12. The height is 
74m and its crest length is 250m. 
 
 
Performances During the Earthquake 
There were sets of strong-motion recorders installed at the 
crest and at the basement of the dam. The peak acceleration 
was 950gal at the crest in the direction perpendicular to the 
dam axis. At the rock outcrop near the base, the peak recorded 
acceleration in the same direction was 900gal, indicating that 
the body of the dam had been subjected to an intense level of 
shaking. Fortunately, there was practically no injury to the 
dam body, although a few seiches (waves) generated by the 
landslide hit the dam and flowed over the spillway. According 
to a witness account, the height of the wave is purported to 
have been about a few meters. Although there was no clearly 
visible injury incurred to the dam, its body did deform slightly 
as a whole causing about 30cm settlement at the crest as 
visualized in a photo shown in Fig. 13. The overall vertical 
strain of the dam beneath the crest is estimated roughly to 
have been of the order of 0.3/74=0.41%. 
 
There were two small rivers upstream the dam supplying 
water to the reservoir. A huge landslide occurred on the north 






























soils and rocks. This landslide is said to have caused seiches in 
the reservoir to a height of a few meters which propagated not 
only towards the dam, but also upstream back to the southern 
tributary, thereby destroying two bridges and surrounding 
forest.  The increased water level by waves discharged 
impounded water through the spillway on the right abutment. 
The amount of discharged water was not so much, but 
















































Fig. 11.  A view of the Aratozawa dam and the landslide in the north.. 
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Fig. 13.  Crest of the Aratozawa dam after the earthquake. 
 
 




The Wen-Chuan earthquake of May 12, 2008 was amongst the 
most devastating event that rocked the inner part of the 
mainland China in recent years. The magnitude of the 
earthquake was M=7.9 and its epicentral region is shown in 
Fig. 14. There was a rockfilled dam 156m high with concrete 
facing within the area of highest intensity of shaking, about 
15km southeast of the epicenter as indicated in Fig. 15. The 
dam was constructed in 2001~2005 in the middle reaches of 
Min River, about 7km upstream of the famous world heritage, 
Dujiang Yan as shown in Fig. 15. The dam serves for multiple 
purposes such as irrigation, flood control and electric power 
supply with its capacity of water storage as much as 1 billion 
cubic meters. The capacity of electric power generation is 750 
thousand KW.  
 
The bird-eye view from the reservoir side after the quake is 
shown in Fig. 16. The length at the crest level is about 600m.  
The plan view and backside view of the Zipingpu Dam are 
shown in Fig. 17. The cross-section of the Zipingpu Dam is 
displayed in Fig. 18. The materials were taken from the 
limestone quarries on the mountain flank about a few 
kilometers upstream of the dam. The rocks with a maximum 
size of 0.8~1.0m were compacted and water-proof reinforced 
concrete slabs 30~80cm thick were placed on top of the 3m-
thick filter zone on the upstream face of the dam. 
 
As shown in the cross section in Fig. 18, the upstream slope is 
1:1.4 and the slope on the downstream side is 1:1.5 near the 
crest. It is noted that there is a curtain wall installed to a depth 
of about 50m beneath the upstream toe. There is also a small 
dumped fills of fine sands or silts near the toe of the upstream 
side which are expected to act as self-healing agent by 
clogging fissures or cracks in case they happen to develop on 
the concrete face particularly near the toe. As indicated in Fig. 
18, the elevation of the crest is 884m and the maximum 
elevation for water storage is set at an elevation 877m. At the 
time of the Weng-Chuan Earthquake, the water storage was 
830m in elevation.  From the backside view of the dam shown 
in Fig. 17(b), it is noted that on the left (eastern) abutment, the 
rockfill was placed on a steep slope of the bedrock which is 
generally deemed unfavorable to maintain stability not only 
from seismic but also from static point of view. Thus, 
instruments had been installed to monitor the displacement. 
On the west side, the rock surface was cut almost vertically 
and concrete wall was constructed to ensure the integrity of 
the dam. 
Fig. 12.  Cross section of Aratozawa rockfill dam. 
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Fig. 15.  Location of Zipingpu rockfill dam. 
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Fig. 17. Plan view and backside view of the Zipingpu Dam. (from the office of Zipingpu dam) 
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Fig. 18.  Cross section of the Zipingpu Dam. (from the office of Zipingpu dam
 
 
Performances During the Earthquake 
 
There were 4 strong motion recorders installed on different 
portions of the dam, namely, at the east, west and central parts at 
the crest level and on the rock at the basement as indicated in 
Fig. 17(b). Except the last one on the rock, three components of 
the acceleration were obtained with the peak values as shown in 
Table 1. It is noted that the peak crest accelerations in the 
vertical and horizontal directions across the dam body were as 
high as 2.0g. Although actual records of time history are not 
available, it is said that these peaks occurred as a single spike or 
impulse with a high frequency and the duration of entire shaking 
was of the order of 15 seconds.  It is also noted that the 
horizontal component of acceleration in the direction of the dam 
axis was very high as well, which is indicative of the fact that 
high compressive force might have acted in the direction of the 
dam axis. The Zipingpu Dam safely withstood the strong shaking by 
the earthquake as a whole except for some minor injuries as described 
below. 
 
Table 1 Recorded peak accelerations at Zipingpu dam  
(times gravity acceleration) 
 
 Perpendicular 
to the dam axis 
Parallel to 
the dam axis 
Vertical 
up and down 
Center of 
the dam 2,061g 1,635g 2,065g 
Left 
abutment 0.811 0.591 0.715 
Right 




The maximum settlement of 74cm was incurred at the center of 
the crest with a downstream horizontal displacement of 30cm 
there. The average vertical strain through the height of the dam 
is estimated to have been as 0.74/156=0.47%. At the time of the 
earthquakes, water level in the reservoir was 830m as indicated 
in Fig. 17(b). A long horizontal offset across the dam occurred 
about 5m above the water line over the length of 600m on the 
upstream concrete facing in which the topmost part of the 
concrete slab was displaced by 25cm toward the reservoir. The 
location of the offset is shown in Fig. 17(b). It is conceived 
likely that, the lower part of the concrete face was supported by 
counterweight of impounded water, whereas the upper part was 
more susceptible to the horizontal movement. In addition, there 
were injuries involving two vertical cracks observed in the 
concrete facing near the left (east) abutment as indicated in Fig. 
17(b), where it is to be noticed, as mentioned above, that the 
rock abutment beneath the fill has a steep slope.  
 
The vertical cracks can readily develop near the steep abutment 
because of uneven settlement likely to occur potentially in the 
rockfills placed on the steep slope. It is to be remembered that 
the rockfill near the abutment has been generally recognized as 
the weakest point in the overall stability of filled dams 
particularly when rockfills are to be placed on steeply dipping 
rock abutment. The parapet wall along the crest on the 
downstream side was damaged severely, as shown in Fig. 19, by 
the strong shaking. Also, the rocks on the downstream armored 
surface were destroyed and slipped down the slope. In view of 
the intense shaking near the epicenter, the Zipingpu dam is 
deemed, by and large, to have performed nicely without any 
serious distress. 
 Paper No. IMI 5 




























Fig. 19. Damage to parapet wall 
 
 
















CREST SETTLEMENTS OF HIGH DAMS 
 
For the high embankment dams constructed of roller-compacted 
rockfills, effects of strong shaking have been known to manifest 
primarily in the form of surface cracking or local slides near the 
crest of the dam. In many instances, these are associated with 
overall deformation of the dam body as represented by the 
settlements of the crest. Thus, it seems reasonable to adopt the 
crest settlement as an index quantity indicative of the degree of 
damage to the dam during earthquakes.  
 
During major earthquakes in the recent past, several sets of 
acceleration records have been obtained by means of the 
instruments installed on high embankment dams. Thus, it would 
be of engineering significance to collect data on seismic records 
and crest settlements during major earthquakes. The outcome of 
such data compilation was presented by Ishihara et al. (1989). 
The observed data from the three dams mentioned above are 
shown in Table 2, together with similar information compiled 
before. 
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The data in Table 2 are displayed in Fig. 20 where it may be 
seen that the crest settlement tends to increase roughly with 
increasing intensity of shaking at the crest level. Among the 10 
dams investigated, Ishibuchi dam is the oldest which was 
constructed in 1953 when the compaction technique by heavy 
machines was still in an infant stage. Excluding this dam, the 
crest settlement during earthquakes may be considered to lie in 
the range of shaded area in Fig. 20, if an embankment dam is 
designed by the state-of-the-art criteria and accordingly 





























Performances of high rockfill dams designed and constructed by 
the up-to-date states of practice are known generally satisfactory 
even when undergoing high levels of seismic loads with 
acceleration of the order of 800 to 1000gal. Minor damage not 
to seriously destroy the integrity of dams could be incurred on 
the dam body particularly in the vicinity of the crest and also 
near the abutments. The residual settlements of the crests tend to 
increase with increasing level of acceleration, and the magnitude 
in terms of vertical strain, that is, the ratio of crest settlement to 





In preparing the draft of this paper, design figures of Ishibuchi 
dam, Aratozawa dam and Zipingpu dam were offered by the 
office of respective dam operation office.  Information about the 
injury of Aratozawa dam was offered by Mr. Y. Momikura of 
Kiso-Jiban Consultants Co., Ltd. in Tokyo. Field investigations 
on the Aratozawa area were performed by the assistance of Mr. 
I. Morimoto of Kiso-Jiban Consultants.  Professor T. Kokusho 
of Chuo University and Dr. Y.Tsukamoto of Tokyo University 
of Science helped greatly the field traversing at Aaratozawa. 
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